less attention. This field experiment was carried out directly in situ at an agricultural renowned northeastern maize production belt, where is being threatened by severe 1 6 drought. A field automatic rain-shelter was used, and five irrigation regimes including 1 7 control, four drought episodes, and rewatering treatments were established. The respectively. The staple crop in the region is maize (Han et al. 2007 ). This study, a maize water-controlled field experiment, was conducted using a huge final grain yield loss.
6 4
Leaf A sat of the T 3 treatment (withholding water during jointing -anthesis, 41 days) 2 6 5 always markedly decreased, even it remained a low and stable level as rewatering and 2 6 6 during anthesis, thereafter declined rapidly after milking until to a low level of 6.6 and stable level until the end of the grain-filling, although this time it seemed to 2 7 4
lightly rise relative to T 3 treatment, indicating that a stimulation occurred by the just silking-milking, 34 days), similar to T 4 but less 7-day drought duration, declined even sensitive effect on the gas exchange processes.
7 9
Other photosynthetically physiological parameters in the upper leaves showed Rewatering for T 2 on 27, July, and for T 3 on 10, August, resulted in stimulations in gas exchange rates, while the chlorophyll fluorescence parameters remained relatively 2 8 6 stable except T 4 treatment decrease during drought episode and thereafter rewatering. 
Responses in middle leaves
The changes in photosynthetic capacity of leaves at the plant middle position upper leaves, however, there were lower levels of A sat , SPAD, g s , and E during 2 9 1 drought episodes, while rewatering following the pre-drying also did not lead to a 2 9 2 complete restoration in the gas exchange parameters and SPAD values at later 2 9 3 . CC-BY-NC-ND 4.0 International license peer-reviewed) is the author/funder. It is made available under a The copyright holder for this preprint (which was not . http://dx.doi.org/10.1101/170258 doi: bioRxiv preprint first posted online Jul. 30, 2017;  grain-filling stage. The chlorophyll fluorescence parameters still maintained a high As measured in bottom leaves, there were greater levels in A sat and SPAD under 2 9 8
various water treatments at jointing stage (1, July), declining with plant developing 2 9 9
( Figure 3 ). Plants at normal irrigation (control treatment) showed higher levels in the activities.
0 9
The three-way ANOVA showed that watering treatment, leaf position, and 3 1 0 measured date produced significant effects on SPAD, A sat , E and WUE, individually 3 1 1 (P < 0.001; Table 2 ). Only date alone and the interaction between leaf position and 3 1 2 date had significant effects on g s (P < 0.05). The interactions between watering and 3 1 3 date, and between leaf position and date significantly affected SPAD, A sat , and E (P < significant; while the significant effect on F v '/F m ' from date as single factor, and its
interaction with leaf position appeared. The interaction of the three factors was not
observed (P > 0.05). relative chlorophyll content (SPAD values) and photosynthetic potentials mainly . CC-BY-NC-ND 4.0 International license peer-reviewed) is the author/funder. It is made available under a The copyright holder for this preprint (which was not . http://dx.doi.org/10.1101/170258 doi: bioRxiv preprint first posted online Jul. 30, 2017;  We measured the same leaves tagged to examine the photosynthetically physiological
Photosynthetically physiological responses in the leaves tagged at different
processes at different plant developments/leaf ages and the responses to episodic 3 2 7
drought and rewatering-just staring from emerging of the leaves to becoming fully 3 2 8
senesced. As showed in Figure 4 , the leaf A sat increased from the initial stage on first 3 2 9
July, reaching a maximum on 25 July; thereafter, linearly declining with plant initially with a maximum occurrence on 31 July, and a marked decline at end of As compared to the normal water supply, drought episodes of T 3 , T 4 , and T 5 3 3 6
treatments resulted in the declines in the tagged leaves' gas exchange
parameters-A sat , g s , and E, particularly with a longer drought persistence; while parts Decreases in SPAD values were often found as the drying episode occurred,
particularly at the end of grain-filling ( Figure 4b ). We found that the two chlorophyll parameters, drought-tolerance may be enhanced with the leaf developing or its aging,
this issue may need to be investigated further for different crops and their cultivars. Changes in maize plant canopy features (plant height, leaf area), leaf morphologic traits (leaf size, leaf rolling index (LRI), leaf erection index (LEI), leaf bend degree
(LBD)) in responses to drought episodes and rewatering were shown in SPAD and A sat were analysed. The results showed that no significant relationship was
observed from jointing to tasseling stages (Figure 5a ), whereas significant-positive
relationships appeared from silking to blistering (R 2 = 0.12, P < 0.001), and from 3 9 2 milking to denting (R 2 = 0.41, P < 0.001; Figure 5b ,c), indicating that their correlation
becomes stronger with plant developmental process, particularly at later grain-filling. In addition, no significant relationship was found under normal irrigation condition due to the watering treatments. the drought episode treatments (T 4 and T 5 ) were located on right-bottom parts, which
is far from the loadings of gas exchange, chlorophyll fluorescence quantum yields. It
implicates that the drought episode gave a severe impact on the photosynthetic Although the effect on crop from drought as a single stress factor is studied drought-resistant breeding practices and water-saving irrigation managements.
2
Nevertheless, the future models have well predicted that more extreme climate . CC-BY-NC-ND 4.0 International license peer-reviewed) is the author/funder. It is made available under a The copyright holder for this preprint (which was not . http://dx.doi.org/10.1101/170258 doi: bioRxiv preprint first posted online Jul. 30, 2017;  productivity (Stuhlfauth et al.1990; Ciais et al. 2005; Chaves et al. 2009) and T 5 treatments (Figures 1-3) . As reported, precipitation events could generate a 4 6 9 rapid response of the plant biological processes, which can trigger plants growth and constrained photosynthetic capacity of the upper leaves, and the following rewatering is unable to totally recover to normal level (Figures 1 & 4) . As reported previously,
the degree and rate of recovery of rehydration might rely on the duration and severity 4 7 6
. CC-BY-NC-ND 4.0 International license peer-reviewed) is the author/funder. It is made available under a The copyright holder for this preprint (which was not . http://dx.doi.org/10.1101/170258 doi: bioRxiv preprint first posted online Jul. 30, 2017;  of pre-drought (Xu & Zhou 2007; Chen et al. 2009; Xu et al. 2009 Xu et al. , 2010 Abid et al. 4 7 7 2016).
The change patterns of middle leaves' photosynthetic parameters were similar to 4 7 9
those of the upper leaves (Figures 1-3) : Under the normal treatment, SPAD, A sat , g s , E,
remained at a higher level compared with drought episodes (T 3 , T 4 , and T 5 treatments).
8 1
Rewatering did not promote the photosynthetic capacities of T 4 , T 5 at the grain-filling.
8 2
In relation to the chlorophyll fluorescence parameters, which has been ones of the grain yield (also see Allison & Watson 1966; Xu et al. 2008 Xu et al. , 2011 Chen et al. 2016 ).
9 3
For the bottom layer leaves, SPAD and A sat were highest at the jointing stage (first 4 9 4 measured on 1 July). Since then, they decreased with plant growing. The influence of 4 9 5 drought on the bottom leaves was also consistent with the upper ones. SPAD and gas 4 9 6 exchange parameters were also reduced markedly by the drought episode. At the end 4 9 7
of grain-filling stage (24 August), the stimulating effect of rewatering was also lost 4 9 8
partly. The two chlorophyll fluorescence parameters, however, remained higher under
and after drought, especially at the end of grain-filling stage (e.g., withholding water episodes and thereafter rewetting. The results of the tagged leaves showed that along with the growth of the same leaf, 30, 2017; level measured on 1 July, reaching a maximum on 25 July, thereafter linearly 5 0 7
declining. SPAD reached a maximum on 31 July, thereafter significantly decreasing and its enhancement by drought stress (also see Xu et al. 2008; 2010) . Rewatering can the plant/leaf growth and development when as measured in the same leaves (e.g., the 5 2 0 tagged leaves). This issue remains debated, and needs the further research.
2 1
With the progresses of the maize plant and leaf growth, the photosynthetic found that the photosynthetic performance of the middle leaves was higher than those 5 2 7
of the both upper and lower leaves. The reasons may be due to the middle leaves contribute to most of carbon accumulation as plants exposed to drought episode and the following rewetting.
3 4
The sensitivity of crop yield to water deficits often markedly differs at different Under non-lethal water deficit during early vegetative growth, marked reductions in
maize plant height and biomass were often found, and its crop phenology could delay, growth, leading to vegetative growth inhibition with short plant size, small leaves and
internodes, and delays of tassel emergence, silk emergence, and onset of grain filling, plant growth during not only drought-persisting but drought-relieving periods. immediately decreased by rewatering. Therefore, it is suggested that the easy changes and environmental changes, which may become closer and stronger with senescing at 6 0 0 the later growth stage and especially under adverse environmental conditions. 6 0 1
In conclusion, from the current field experiment, episodic drought may exert 6 0 2 markedly negative effects on photosynthetic potentials at either pre-anthesis or drought, and the leaf age and plant development. Generally, the leaf gas exchange,
and leaf rolling index may demonstrate higher sensitivity to drought episode and 6 0 8
thereafter rewatering than these chlorophyll content and its fluorescence parameters.
The results would provide a profound insight into how to understand the crop responses to various drought events, and helping the staple crops to cope with future 6 1 7
climatic change to guarantee food security regionally and globally still remain a huge The study was funded by the National Natural Science Foundation of China Interest (GYHY201506019). The authors are grateful to Na Mi, Fu Cai, Kunqiao Shi,
Yang Yang, Quanhui Ma for their work during the experiment. . 
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′
, maximum quantum yield. T1, T2, T3, T4, and T5 denote Control, withholding water during jointing-tasseling, jointing-anthesis, tasseling-milking, and silking-milking, with 260, 188, 138, 136, and 161 mm irrigation amount in entire plant development, respectively . CC-BY-NC-ND 4.0 International license peer-reviewed) is the author/funder. It is made available under a The copyright holder for this preprint (which was not . http://dx.doi.org/10.1101/170258 doi: bioRxiv preprint first posted online Jul. 30, 2017;  Figure 3. Effects of drought episode and rewatering on photosynthetic physiological processes in bottom leaves. Notes: DAS, days after sowing; A sat , light-saturated photosynthetic rate; SPAD, relative chlorophyll contents; g s , stomatal conductance; E, transpiration rate; Φ PSII , PSII actual quantum yield; F v ′ /F m ′ , maximum quantum yield. T1, T2, T3, T4, and T5 denote Control, withholding water during jointing-tasseling, jointing-anthesis, tasseling-milking, and silking-milking, with 260, 188, 138, 136, and 161 mm irrigation amount in entire plant development, respectively.
. CC-BY-NC-ND 4.0 International license peer-reviewed) is the author/funder. It is made available under a The copyright holder for this preprint (which was not . http://dx.doi.org/10.1101/170258 doi: bioRxiv preprint first posted online Jul. 30, 2017; , maximum quantum yield. T 1 , T 2 , T 3 , T 4 , and T 5 denote Control, withholding water during jointing-tasseling, jointing-anthesis, tasseling-milking, and silking-milking, with 260, 188, 138, 136, and 161 mm irrigation amount in entire plant development, respectively.
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Figure 6
Principal component analysis on leaf functional and morphological traits and the effects of watering treatments at silking stage. Notes: LRI, leaf-rolling index; WUE, water use efficiency; red ellipse is for T 4 treatment, while blue one is for T 5 treatment. For others see Fig. 1 and table 3.
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